Standardized diet compositions for 108 species of marine mammals were derived from published accounts ofstomach contents and morphologica~behavioural and other information. .
Introduction
Food and feeding habits determine the position of animals within food webs, and hence largely define their ecological role. This is also true for marine mammals, whose food and feeding habits have been reported in numerous published accounts based on analyses of stomach contents, or scats, or from direct observations, or inferred by indirect methods such as isotope ratios (Orstrom et al. 1993) .
The majority of the available quantitative studies pertain, however, to small numbers of individuals, andlor a small fraction of a species range, both of which usually cannot be used for direct inferences involving the entire (global or oceanwide) distribution areas ofthese species.
Some authors have attempted, on the other hand, to summarize scattered data on the food and feeding habits of mammals species (notably Evans 1987 , and Klinowska 1991 for cetaceans, and King 1983 and Bonner 1990 for pinnipeds), but they have done so on a broad qualitative basis, precluding the direct use oftheir summaries for trophic modelling, or comparative studies.
This study is our attempt to combine the scattered quantitative studies with the broad qualitative summaries mentioned above, thus yielding standardized diet compositions for use in trophic modelling and related studies. These potential uses are here illustrated by our presentation of trophic levels for 108 species of marine mammals, derived from the diet composition, and contrasted with trophic level estimates obtained using different approaches.
Material and Methods
The 108 species of marine mammals (I) considered here are those listed in Jefferson et al. (1993) , minus sirenians, which are herbivores; freshwater dolphins, which are not marine; and polar bear, which feed ahnost exclusively on seals.
Following trials with various other schemes, we settled on eight categories to descnoe diet compositions; these are defined further below; their own mean trophic levels ('Il;), mainly adapted from Table 1 in Pauly and Christensen (1995) , are added [in square brackets]. BI -benthic invertebrates: mainly molluscs, notably bivalves and gastropods, but also including octopus, and echinoderms and crustaceans [2.2]; LZ -large zooplankton: mainly small crustaceans, especially euphausiaceans (krill) e.g., Euphasia superba in Antarctic waters [2.2]; SS -small squids: consisting of families with species with mantle lengths of up to 50 em, e.g., Gonatidae [3.2] ; LS -large sqnids: consisting of families with species reaching mantle lengths above 50 cm, e.g., Onychoteuthidae [3.7, ie., assumed, based on food webs in Christensen and Pauly (1993) MF -miscellanous fishes: probably a too diverse group, consisting mainly of demersal round fish (e.g., gadoids and perciforms), but also including anadromous fishes such as salmon [3.3]; HV -higher vertebrates, i.e., other marine mammals, seabirds, plus the occasional turtle [4.0; ie., mean ofall marine mannnals not consuming higher vertebrates].
The diet compositions (DCij) themselves consist offractions of items 0), always adding up to 1, . for each species (i). The definition ofthe diet compositions was performed in four steps, ofwhich the first two were: a) ranking of food items by weight or volume, which is largely equivalent (see MacDonald and Green 1983) reported in published accounts, and assigning a fraction 0.5 of the total diet to the item reported as "most common", "major prey", or similarly identified as main food; b) assigument of decreasiog diet fraction, generally in steps of 0.1, to successive items as a function oftheir rank in qualitative accounts. Once (a) and (b) were completed (by DP), using the above-cited four major data compilation on marine mammals, the coauthors independently checked the assiguments of diet fractions usiog mainly species-and locale-specific accounts, with emphasis on the North Pacific and Antarctica (AT), using e.g., Goodal and Galeazii (1985 and Perez (1990) , the tropical Indo-Pacific (EC), using e.g., and the North Atlantic (VC), using e.g., Gonzalez et al. (1994) .
This was done in two further steps: c) identifYing from additional references, food items not included in the above-cited sources, and incorporating them in the rankings used for steps (a) and (b); d) adjusting the initial diet compositions given (c) and checking that the final diet composition was compatlole, overall, with all information otherwise available on a given species (items (e) and (f) below).
Information not emanating from explicit diet studies, but which were also used here to infer diet compositions, consisted of: e) dentition or lack thereof; e.g., absence of teeth, and presence of serrated palates in some Mesoplodon species, suggesting a diet consisting mainly of squids; f) feeding time; e.g., nocturnal feeding habits in oceanic Stenella species, indicating a tendency to feed on mesopelagic fishes; g) similarity of morphology and habits with species whose diet has been studied, used here to infer diet in a few recently described species e.g., Mesoplodon peruanus, for which species-specific studies are still lacking.
Reconciliation of the different diet compositions derived by the four authors was performed by averaging (usiog steps not smaller than 0.05), with emphasis being given to the diet compositions for which most data was available (see supplement to Table 1 , which also lists our sources).
Once the consolidated DCij values were available, trophic levels (TL;) were computed for each sp~ro~.
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J-I J=I whose terms were all defined above. In principle, the variance ofthe TL; values could have been estimated, by combining an equation for estimating the variance of specific 'TLj values (see Table 1 in Pauly and Christensen 1995) with an equation accounting for the variance among 'TLj values (see Christensen and Pauly 1992). However, this approach would still not account for the differences in estimated DCij values among the four coauthors [documented in our Supplement to Table 1 (see below, and more fully in a Microsoft Excel spreadsheet available from the first author]. We believe that a resampling scheme would do better, therefore, in capturing the uncertainty inherent in our approach (see below).
Results and Discussion
Table 1 presents our key results -the diet composition of 108 species of marine mammals, and their trophic levels.
The diet compositions as such require little comment except perhaps to emphasize their tentative character: we do expect detailed, species-specific studies to invalidate them, at least in part, and thus in the meantime that they should be used only in aggregate form, ie., to express the food composition of groups of species. In such cases, some of our errors should cancel out each other.
Another approach to deal with the imprecision and likely inaccuracy of our suggested diet compositions would be to use them only in the context of some resampling scheme (e.g., a Monte Carlo simulation), wherein say 10 variants of the diet composition of each species are generated, and these used to generate distributions ofitem-specific food consumption.
Using the diet composition as presented, and the preys' trophic levels (TLj) allows estimation, for each of our 108 marine mammal species (i), of a mean trophic level (TL;), presented in the last column of Table 1 . As may be seen, the TL;s range from 3.2 in baleen whales, and 3.4 in sea otter, to 3.8-4.4 in most species of cetaceans and pinnipeds, to 4.5-4.6 in killer whales. Minimum and maximum TL values would occur in groups not considered here, ie., 2.0 in sirenians and about 5 in polar bears, which overwhelmingly feed on animals with a TL ofabout 4 (Table 1 ).
For any comparison to be possible, we must account for the fact that Ostrom et at (1993) assigned an arbitrary trophic level of 1.0 to basking shark and based thereon, of 1.2 to fin whales, which both feed on large zooplankton. We have thus added 2 (two) to each oftheir TL values (Table 2) .
This leads to trophic levels that are markedly lower than ours in three whale species (pygmy sperm whale, sperm whale and Sowerby's beaked whale), and in fact incompanole with their observed diet, consisting of a large fraction of squids (whose TL is probably overestimated by Ostrom et aL, especially for large ones), and to trophic levels much higher than ours in the other 5 species (whitebeaked dolphin to Minke whale, see Table 2 ). Thus, while we agree with Ostrom et aL (1993) that "isotope data are a valuable source ofinformation in the absence of stomach contents and when feeding is difficult to observe", we would hesitate to endorse their calculation that "al~values are excellent indicators oftrophic position".
Indeed we suspect that while it may be true that "the al~composition of an individual is typically 3%0 greater than that ofits diet" (Harrigan et aL 1989; Wada et aI. 1987) , it may not be true that "this 3%0 increase occurs with each change in trophic position within the food web" (Ostrom et at 1993) , ie., that this 3%0 rule can be turned into a linear relationship valid from the lowest to the highest trophic levels occurring in marine mammals.
The data in Table 1 also allow estimation ofthe calorific contents ofthe diet ofmarine mammals ofwhich Evans (1987) gives approximate values. Computed values may differ by a factor of2: beaked whales, feeding exclusively on squids will tend to have the diet with the lowest energy content, while polar bears, leopard seals, and (false) killer whales, which feed exclusively, or predominantly on higher vertebrates will tend to have the diet richest in energy.
This information may be used to estimate food consumption, given predictive models for energy requirements as presented by Innes et at (1987) , a topic to which we shall return elsewhere. The following present, by family and species the notes of the authors (DP; AT; EC and VC), documenting the sources they used to derive the diet compositions that were averaged to obtain the diet compositions in Table I . Species missing below have, in Table I , a diet composition derived by the seniour author only as described in the text; details are available from DP in form of a Microsoft Excel spreadsheet (Gambell 1979; Jefferson et aI. 1993; Leatherwood and Reeves 1983; Northridge 1984; Reilly and Thayer 1990 ).
FIN WHALE: AT: Bering Sea: fishes 16%, cephalopods 2%, euphausiids, copepods 82% (Kawamura 1980; Nemoto 1957 Nemoto , 1959 Nemoto , 1970 Jonsgaard (1982) ; Kasamatsu and Hata (1985) ; Kawamura (1980) ; VC:
Bushuev (1986, 1991); Haug et aI. (1993, 1994) Agree with DP's diet estimates, general description of diet given, assuming true in all areas (Jefferson et aI. 1993; Leatherwood and Reeves 1983; Leatherwood et aI. 1988; Northridge 1984) ; mentioned feeding on older size-group of Euphausia superba only (Antarctic area) (Bushuev 1991).
HUMPBACK WHALE: AT: Bering Sea: fishes 29%, cephalopods 2%, euphausiids 69%, copepods 1%; eat sandlance, herring, krill (Hain et aI. 1981; Kawamura 1980; Nemoto 1957 Nemoto , 1959 Nemoto , 1970 ; VC: "seemingly, euphausiid crustaceans were their main prey when they arrived in late spring, whereas capelin became more and more important throughout the (1993) , based on isotope ratios and the food web approach implied in Table 1 . 
